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Summary
Introduction:  Interprosthetic  fracture  is  a  rare  but  serious  entity,  impairing  consolidation  and
stability due  to  adverse  mechanical  conditions  related  to  bone  fragility  and  implant  volume.
Objective:  The  present  study  highlights  the  difﬁculties  involved  in  managing  such  fractures,
details treatment  options  and  reports  ﬁndings  leading  to  a  proposed  additional  grade  in  the
comparable Vancouver  (hip)  and  French  Orthopedic  and  Traumatologic  Surgery  Society  (Société
franc¸aise de  chirurgie  orthopédique  et  traumatologique:  SoFCOT)  (knee)  classiﬁcation  systems.
Patients  and  methods:  A  multicenter  retrospective  series  included  14  interprosthetic  femoral
fractures: eight  type  double  C  (type  C  for  both  hip  and  knee),  ﬁve  type  C  for  hip  and  B  for
knee, and  one  type  double  B  (type  B  for  both  hip  and  knee)  on  the  Vancouver  and  SoFCOT
classiﬁcations.  Fracture  occurred  on  standard  (n  =  15)  or  revision  (n  =13)  implants.  Six  cases
involved a  femoral  shaft  encumbered  by  a  total  knee  replacement  (TKR)  femoral  extension
stem and  eight  cases  TKR  without  femoral  long  stem,  assimilable  to  type  C  fracture.
Results: None  of  the  six  fractures  proximal  to  a  constrained  TKR  with  stem-achieved  union  by
primary intention,  whereas  seven  of  the  eight  type-C  fractures  did  so.  Finally,  12  cases  showed
favorable evolution,  with  three  secondary  total  femur  replacements  (TFR)  and  one  death  at  6
months without  bony  union  or  revision  and  one  patient  waiting  for  TFR.
Discussion:  To  describe  the  status  of  the  intermediate  femur  and  its  medullary  canal
encumbrance,  we  propose  adding  a  category  D  to  the  SoFCOT  and  Vancouver  classiﬁcations,  cor-
responding to  interprosthetic  fracture  on  TKR  with  diaphyseal  extension  stem.  Interprosthetic
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fracture  internal  ﬁxation  should  begin  with  long  devices  bridging  the  two  prostheses.  When  the
implant is  loose,  it  may  be  replaced;  in  case  of  diaphyseal  extension,  however,  the  residual
femur between  the  two  extensions  should  be  protected  against  peak  stress  by  a  plate  extend-
ing upward  and  downward.  In  case  of  limited  bone  stock,  due  to  osteolysis  or  initial  femoral
medullary canal  compromise,  especially  if  one  or  both  implants  are  loose,  TFR  may  be  indicated
as consolidation,  is  jeopardized  by  the  uncertain  mechanical  situation.
Level of  evidence:  Level  IV,  retrospective  study.
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associated  with  increase  in  pain  above  preoperative  levels.
Results
Seven  patients  had  satisfactory  clinical  and  radiological
results  (cases  3,  6,  7,  9,  10,  11  and  12;  Table  1),  without© 2011  Elsevier  Masson  SAS
ntroduction
eriprosthetic  femoral  fracture  is  rare,  with  an  incidence
f  0.1  to  2%  around  total  hip  replacement  (THR)  implants,
.3  to  2.5%  around  total  knee  replacement  (TKR)  implants
1]  and  about  1.25%  for  interprosthetic  fracture  [2].  The
atter  is  a  particular  anatomic  entity  with  speciﬁc  therapeu-
ic  requirements  due  to  unfavorable  mechanical  conditions
etween  two  rigid  regions  related  to  the  presence  of  more
r  less  extensive  material  in  the  femoral  shaft.  The  Van-
ouver  classiﬁcation  [3]  is  used  to  describe  fractures  around
HR  and  the  French  Orthopedic  and  Traumatologic  Surgery
ociety  (Société  franc¸aise  de  chirurgie  orthopédique  et
raumatologique: SoFCOT)  classiﬁcation  [4]  for  fractures
round  TKR;  neither,  however,  takes  account  of  the  status
f  the  femoral  shaft  between  the  two  prosthetic  compo-
ents  [3,4]. Interprosthetic  femoral  fracture  occurs  more
requently  in  case  of  revision  surgery  [5,6]  or  of  osteoporo-
is  [2,7]. It  is  associated  with  elevated  mortality  and  revision
ates:  greater  than  50%  revision  according  to  Zuurmond
t  al.  [8]  and  mortality  in  excess  of  the  reference  population
ccording  to  Bhattacharyya  et  al.  [9].  New  osteosynthe-
is  material  using  locking  screws  provides  improved  ﬁxation
n  fragile  bone  [10—13]  and  may  meet  certain  situations,
specially  if  associated  to  minimally  invasive  techniques
ith  hematoma  and  periosteum  conservation  [12,14—18];
t  cannot,  however,  meet  all  situations,  especially  in  case  of
imited  bone  support  in  case  of  arthroplasty  with  diaphyseal
xtension  or  implant  loosening  concomitant  to  the  fracture
19,20].
The  objectives  of  the  present  study  were:
) to  highlight  the  difﬁculties  of  managing  this  kind  of  frac-
ture,  based  on  a  14-case  series  and;
) to  introduce  an  extension  to  the  Vancouver  hip  clas-
siﬁcation  [3]  and  SoFCOT  knee  classiﬁcation  [4],  to
differentiate  prognosis  according  to  form  and  to  adapt
treatment.
atients and method
 retrospective  study  was  conducted  in  three  centers  in
rance  (Lille,  Strasbourg  and  Dunkerque)  from  2003  to  2009,
ncluding  14  interprosthetic  femoral  fractures  (12  females,
wo  males;  mean  age,  72  years  (range,  49—89  years)).
ean  fracture-THR  interval  was  136  months  (range,  8—208
onths)  and  mean  fracture-TKR  interval  84  months  (range,
2—192  months).  Etiologies  were:  osteoarthritis  in  seven
ases,  osteonecrosis  in  two,  rheumatoid  arthritis  in  four  and
racture  in  one.  There  were  eight  primary  and  six  revision
F
t
erights  reserved.
rthroplasties.  Table  1  shows  the  characteristics  of  the  frac-
ures,  implants  and  treatment  methods.  Fractures  around
he  hip  were  described  on  the  Vancouver  classiﬁcation  [3]
Fig.  1)  and  fractures  around  the  knee  on  the  SoFCOT  classi-
cation  [4].  Certain  fractures  around  long  femoral  implants
r  with  diaphyseal  extension  for  the  knee,  however,  fail  to
t  these  classiﬁcations.  Notably,  neither  classiﬁcation  takes
ccount  of  femoral  status  between  the  two  implant  compo-
ents,  particularly  in  terms  of  femoral  pivot  length  in  THR
r  type  of  TKR  (with  or  without  extension  stem).
Postoperative  complications  comprised  non-
onsolidation,  early  osteosynthesis  material  disassembly,
on-union,  superﬁcial  and  deep  infection,  and  any  other
vent  requiring  revision  surgery.  Fracture  consolidation
as  assessed  as  bony  callus  seen  on  two  orthogonal  X-ray
ncidences,  without  greater  than  3◦ reduction  loss,  and
llowing  total  weight-bearing  without  increase  in  pain
bove  preoperative  levels.  Unfavorable  evolution  was
ssessed  as  non-consolidation  at  3  months  and/or  failure
o  resume  total  weight  bearing  at  3  months,  generallyigure  1  A.  Type  C  interprosthetic  fracture.  B.  Interpros-
hetic fracture  on  total  knee  replacement  (TKR)  with  femoral
xtension  stem  (proposed  type  D).
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Table  1  Case  descriptions:  fracture  anatomy,  treatment,  evolution.
Case Center Type  of  fracture Primary  treatment Complications Revision Evolution  (number
of  interventions)
Type  Da
1 L C  on  standard  THR
C on  standard  TKR
Closed  retrograde  nailing,  area
of weakness
Iterative  fracture  on
area  of  weakness
Revision  (2)  by  plate,  inc;  1
with  graft  evolving  to  aseptic
non-union  revised  by  plate  et
rod  allograft  +  BMP,
complicated  at  8  months  by
infection  cured  by  2  lavages
Favorable  (n  =  7) —
2 L C on  standard  THR
B2 on  revision  TKR
Simple  open  cerclage Delayed  consolidation Suggested  TFR  refused  by
patient
Death  at  6  months
(n  =  1)
D
3 L C on  standard  THR
B1 on  standard  TKR
Closed  retrograde  nailing,  area
of weakness
Proximal  locking
route  error  (dynamic
nail)
— Favorable  (n  =  1) —
4 L C on  standard  THR
B2 on  revision  TKR
TKR  replacement  +  plate  +  rod
graft
Non-union  and
disassembly
TFR Favorable  (n  =  3) D
5 L C on  standard  THR
C on  revision  TKR
Open  plate  osteosynthesis
without  graft
Non-union  and
material  breakage
Open  plate
osteosynthesis  +  graft
followed  by  material
breakage  and  non-union
Plate  and  graft
Unfavorable  (n  =  3) D
6 L  C  on  revision  THR
C on  standard  TKR
Open  plate  osteosynthesis
without  graft
None  —  Favorable  (n  =  1)  —
7 L  C  on  revision  THR
C on  standard  TKR
Open  plate  osteosynthesis
without  graft
None  —  Favorable  (n  =  1)  —
8 L  C  on  standard  THR
C on  revision  TKR
Open  plate  osteosynthesis
without  graft
Non-union  and  early
disassembly
TFR  Favorable  (n  =  2)  D
9 S  C  on  locked  revision  THR
C  on  standard  TKR
MI  closed  LCP  osteosynthesis
with  implant  bridging
None  —  Favorable  (n  =  1)  —
10 S  C  on  revision  THR
C on  standard  TKR
MI  closed  LCP  osteosynthesis
with  implant  bridging
None  —  Favorable  (n  =  1)  —
11 S  C  on  revision  THR
B1 on  standard  TKR
MI  closed  LCP  osteosynthesis
with  implant  bridging
None  —  Favorable  (n  =  1)  —
12 S  C  on  standard  THR
B1 on  standard  TKR
MI  closed  LCP  osteosynthesis
with  implant  bridging
None  —  Favorable  (n  =  1)  —
13 S B1 on  revision  THR
B1  on  revision  TKR
MI  closed  LCP  osteosynthesis
with  implant  bridging
Early  disassembly
(at-risk
osteosynthesis)
Open  LCP  osteosynthesis  Favorable  (n  =  2)  D
14 D C on  revision  THR
C on  revision  TKR
Open  plate  osteosynthesis
without  graft
Non-union  and  early
disassembly
TFR  Favorable  (n  =  2)  D
L: Lille; S: Strasbourg; D: Dunkerque; THR: total hip replacement; TKR: total knee replacement; TFR: total femoral replacement.
a Type D = interprosthetic fracture on TKR with femoral shaft extension stem.
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Figure  2  A.  Interprosthetic  fracture,  case  11,  79  year-old
woman,  implants  not  loosened.  B.  LC-DCP  plate  ﬁtted  by
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Figure  3  A.  Interprosthetic  fracture,  case  14,  59  year-old
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‘ess Invasive  Surgery  System  (LISS®),  implants  bridged,  weight-
earing  resumed  at  6  weeks.  Favorable  evolution.
urgical  revision.  These  implants  (hip  or  knee)  showed  no
oosening,  and  there  was  no  osteolysis  associated  with  the
racture.  TKRs  were  all  standard  models,  without  femoral
xtension  stem;  ﬁve  of  the  seven  patients  had  revision  THRs.
reatment  in  six  cases  was  by  plate  osteosynthesis,  per-
ormed  using  the  closed  Less  Invasive  Surgery  System  (LISS®)
echnique  in  four  cases,  with  LC-DCP  (Synthès®)  locking
ompression  plate,  without  associated  graft  (Fig.  2).  In  all
ases,  the  plates  bridged  the  femoral  pivot  by  greater  than
wo  cortical  diameters.  Total  weight  bearing  was  resumed  at
 weeks  postoperatively,  with  bone  consolidation  on  X-ray.
Seven  patients  failed  to  show  favorable  evolution,  due
o  mechanical  treatment  failure  (cases  1,  2,  4,  5,  8,  13
nd  14;  Table  1);  six  of  them  had  revision  TKRs  with
emoral  extension  stems.  In  ﬁve  cases,  treatment  used  plate
steosynthesis,  bridging  the  implants  and  extension  stems  by
reater  than  two  cortical  diameters.  There  was  one  death,
n  an  88  year-old  woman,  at  6  months’  follow-up  (case  2;
able  1)  following  multiple  organ  failure;  she  showed  non-
onsolidation  following  insufﬁcient  cerclage  osteosynthesis.
ive  patients  showed  favorable  evolution  after  revision
ither  for  further  open  osteosynthesis  (cases  1  and  13;
able  1),  or  for  implant  removal  and  TFR  (Fig.  3)  to  bridge
he  fracture  site  (cases  4,  8  and  14;  Table  1).  Weight  bearing
as  resumed  at  1  week  postoperatively.  Two  patients  with-
ut  dual  mobility  acetabular  components  (cases  8  and  14)
howed  postoperative  instability  of  the  hip,  without  requir-
ng  surgical  revision.
iscussionesults  analysis  and  new  classiﬁcation
he  present  series  highlighted  the  seriousness  of  this  kind
f  fracture  when  the  femoral  shaft  is  invaded  by  an
i
l
h
ooman.  Implant  breakage.  B.  Control  after  total  femur  replace-
ents  (TFR).
xtension  stem  or  revision  implant  and  there  is  little  remain-
ng  implant-free  femoral  shaft  bone  capital.  The  results
oint  to  failure  of  osteosynthesis  of  interprosthetic  fracture
hen  the  TKR,  whether  primary  or  revision,  includes  diaphy-
eal  extension.  To  better  describe  these  fractures  and  the
mportance  of  residual  femur  free  of  medullary  material,  we
elieve  it  would  be  useful  to  add  a  grade  to  the  Vancouver  [3]
nd  SoFCOT  [4]  classiﬁcations.  This  grade,  ‘‘type  D’’  (Fig.  1),
orresponds  to  interprosthetic  femoral  fracture  between
 standard  or  revision  THR  and  a  revision  TKR,  wherever
he  fracture  site.  Extending  the  classiﬁcation  to  identify  an
mplant-free  femoral  length  seems  indispensable  in  order
o  remind  surgeons  of  the  need  for  a  speciﬁc  approach.  It
hus  seems  important  to  differentiate  simple  interprosthetic
racture,  falling  within  Vancouver-SoFCOT  type  C,  from  this
ype  D  where  there  is  little  femoral  shaft  left  free  by  the
KR  extension  stem.  The  shorter  the  free  femoral  shaft,  the
reater  the  stress  exerted  on  the  osteosynthesis.
Complications  were  observed  in  eight  of  the  14  cases
Table  1;  cases  1,  2,  3,  4,  5,  8,  13  and  14),  which  is  more
han  in  Patel  et  al.  series  of  periprosthetic  fractures  [21]
ith  a  52%  complications  rate  comprising  infection,  implant
upture,  material  breakage,  dislocation  and  iterative  frac-
ure.
he  issue  of  interprosthetic  fracture
t  is  important  to  differentiate  between  type  C  and  type
 interprosthetic  fracture.  The  technical  difﬁculties  are
nversely  proportional  to  the  available  bone  capital  or
‘implant-free  femoral  length’’.
Interprosthetic  fracture  may  occur  with  well-ﬁxed
mplants,  which  is  the  simplest  case,  with  an  extensive
ength  of  free  femur;  the  choice  of  means  of  ﬁxation,
owever,  is  crucial.  Intramedullary  retrograde  nailing  is  the-
retically  possible,  depending  on  the  TKR  design.  But  this
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[Interprosthetic  femoral  fracture:  analysis  of  14  cases  
option  requires  planning,  according  to  the  available  lengths
of  nail,  to  avoid  having  a  peak  stress  area  between  the
nail  and  the  femoral  pivot.  This  area  of  weakness  concen-
trates  load,  with  a  risk  of  iterative  fracture  around  the  nail
locking  holes,  as  in  case  1  (Table  1).  We  therefore  pre-
fer  open  plate  osteosynthesis,  with  a  plate  long  enough  to
bridge  the  fracture  and  adequate  periprosthetic  anchorage
by  cerclages  and  screws,  away  from  the  implant  and  com-
bating  avulsion  [16]. A  graft  (cancellous  autograft  and/or
allograft  rod)  improves  consolidation  [20,22],  when  associ-
ated  to  stable  osteosynthesis,  which  is  a  prerequisite.  The
LISS® technique  respects  the  fracture  site  environment  and
consolidation  factors  [16—18], and  may  also  be  indicated
in  comminutive  fracture  if  not  extensive.  Implant  bridging
eliminates  areas  of  weakness  and  thus  the  risk  of  iterative
fracture.
Interprosthetic  fracture  may  also  occur  between  loose
implants  or  with  osteolysis  (cases  2,  4,  5  and  14;  Table  1).
The  loosened  implant  should  be  replaced  if  the  patient’s
general  health  status  allows.  Replacement  is  generally  asso-
ciated  to  extension  of  femoral  pivot  length  or  to  introduction
of  a  TKR  femoral  extension  stem.  We  recommend  associat-
ing  adjuvant  complementary  plate  osteosynthesis  to  avoid
an  inter-implant  peak  stress  area  [23,24].  If  both  implants
are  loose,  which  is  very  rare,  replacing  both  should  be  con-
sidered.  Where  bone  capital  is  slight,  leaving  little  chance  of
consolidation,  TFR  should  be  considered,  despite  the  asso-
ciated  technical  difﬁculties  and  risks  [25]; it  is  a  difﬁcult
indication  to  make  in  what  are  usually  elderly  patients  with
poor  general  health  status,  but  is  nevertheless  the  option
with  the  best  chance  of  succeeding  [6,23]—on  condition  that
the  team  is  experienced,  given  the  high  rates  of  associated
morbidity  and  mortality.  Friesecke  et  al.  [26]  reported  a
complications  rate  of  32%  and  infection  rate  of  13%  in  a
series  comprising  40%  of  peri-  or  interprosthetic  fractures
managed  by  TFR.  In  such  situations,  osteosynthesis  is  a  risky
alternative,  with  complications  rates  up  to  70%  [27], and  a
primary  failure  rate  of  100%  in  the  present  series  (Table  1;
cases  2,  4,  5,  8,  13  and  14).  TFR  was  used  in  secondary
salvage,  with  satisfactory  results  (Table  1;  cases  4,  8  and
14).
Conclusion
Treating  interprosthetic  femoral  fracture  requires  the  femur
to  be  considered  as  a  whole,  to  avoid  mechanical  failure
by  iterative  fracture  or  material  failure.  If  osteosynthe-
sis  is  indicated,  it  should  bridge  the  two  implants  so  as
not  to  leave  any  area  of  weakness.  Implant  replacement
should  adequately  bridge  the  fracture,  and  adjuvant  com-
plementary  osteosynthesis  should  be  associated  so  as  not
to  induce  any  peak  stress  area.  Finally,  the  present  study
highlights  the  difﬁculties  involved  in  treating  interprosthetic
fractures  with  TKR  with  femoral  shaft  extension  stem,  for
which  we  propose  adding  a  type  D  to  the  Vancouver  classiﬁ-
cation.  In  the  present  short  series,  evolution  in  these  cases
was  satisfactory  after  TFR  revision.  Prevention  of  such  frac-
tures  depends  on  conserving  bone  capital  and  the  femoral
medullary  canal  whenever  possible,  in  both  primary  and
revision  implant  surgery.
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